A commonly held view that dominates both the scientific and educational literature is 37 that in terrestrial mammals the central nervous system lacks a physiological hypoxia 38 sensor capable of triggering increases in lung ventilation in response to decreases in 39 PO 2 of the brain parenchyma. Indeed, a normocapnic hypoxic ventilatory response has 40 never been observed in humans following bilateral resection of the carotid bodies. In 41 contrast, almost complete or partial recovery of the hypoxic ventilatory response after 42 denervation/removal of the peripheral respiratory oxygen chemoreceptors has been 43 demonstrated in many experimental animals when assessed in an awake state. In this 44 essay we review the experimental evidence obtained using in vitro and in vivo animal 45 models, results of human studies, and discuss potential mechanisms underlying the 46 effects of CNS hypoxia on breathing. We consider experimental limitations and discuss 47 potential reasons why the recovery of the hypoxic ventilatory response has not been 48 observed in humans. We review recent experimental evidence suggesting that the 49 lower brainstem contains functional respiratory oxygen sensitive elements capable of 50 stimulating respiratory activity independently of peripheral chemoreceptor input.
5
(chronically) denervated carotid bodies (e.g. Figure 3 in (59)) increase and/or maintain 140 the respiratory activity during the acute hypoxic challenge above and/or at the 141 normoxic level and do not exhibit depression of ventilation in response to CNS hypoxia.
143
Earlier experimental studies involving chronic denervation of the peripheral oxygen 144 chemoreceptors and assessment of the respiratory activity demonstrated almost 145 complete or partial recovery of the hypoxic ventilatory response in awake animals, 146 including dogs (13), cats (18; 42), ponies (2; 3), goats (12), and rats (40; 46; 51).
147
More recent studies in rodents also reported (but did not comment on this particular 148 aspect) robust respiratory responses to hypoxia in awake mice and rats with 149 chronically denervated carotid bodies (14; 54). The latest studies of the mechanisms 150 underlying peripheral oxygen sensitivity using transgenic animal models reported that 151 during the early postnatal period in mice, chemosensitive carotid body glomus cells do 152 not express critical components of the hypoxia-sensitive signalling pathway (e.g.,
153
olfactory receptor Olfr78 which is activated by lactate produced during hypoxia; in the 154 absence of Olfr78 isolated carotid bodies are reported to be insensitive to hypoxia) (6).
155
Yet, neonatal mice display robust and sustained hypoxic ventilatory responses (4; 50).
157
A number of potential mechanisms may account for the development of the hypoxic 158 ventilatory response in the absence of the carotid body chemoreceptor input. In some 159 species subsidiary peripheral chemoreceptors (e.g. aortic bodies) may take over and 160 compensate for the loss of the carotid body afferent activity (for a review see (24)).
161
Recent data in rodents provide strong evidence that the hypoxic ventilatory response 162 that develops in conditions of peripheral chemoreceptor denervation is centrally 163 mediated and involves activation of oxygen sensitive glial cells leading to the enhanced 164 activity of the brainstem respiratory network (1).
166
Careful scrutiny of the literature reveals that the use of anesthesia is a potential 167 confounding factor. If there is a central stimulatory component of the hypoxic 168 ventilatory response, it appears to be very sensitive to suppression by general 169 anesthesia. Indeed, a majority of studies that reported recovery of a hypoxic 170 ventilatory response after carotid body denervation were conducted in unanaesthetized 171 animals. A recent study measured changes in ventilation in the same cohort of 172 peripherally chemodenervated rats (10 weeks after carotid body ablation) in awake 173 state and under general anesthesia (1) . In these rats, the hypoxia-induced arousal 6 response (5; 42) was markedly reduced following carotid body denervation indicating 175 that the afferent input from the peripheral oxygen chemoreceptors was 176 absent/impaired. Yet, while awake these animals displayed a robust hypoxic ventilatory 177 response that was dramatically reduced under general anesthesia (urethane) (1),
178
suggesting that the signaling mechanisms underlying central respiratory oxygen 
200
of these studies were conducted in small numbers of patients following bilateral 201 resection of healthy carotid bodies to treat bronchial asthma or chronic obstructive 202 pulmonary disease (25; 26; 37; 62; 66; 69). Following denervation, these patients also 203 failed to show the characteristic rapid decline in ventilation that occurs in response to 204 rapid administration of 100% oxygen (the Dejours test) (37). Ventilatory responses to 205 CO 2 were also reduced, typically by ~20-30% (for a review see (63)). However, more 206 extreme respiratory deficits were reported shortly after the denervation surgery,
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including 75% reductions in ventilatory CO 2 sensitivity that recovered gradually over 2- 
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Thus, glial cells were hypothesized to be responsible for sensing brain hypoxia. 
